T he endocannabinoid system (EC) system is a recently characterized physiological system that comprises the G protein-coupled CB 1 and CB 2 , as well as additional yet unidentified receptors, their endogenous ligands termed endocannabinoids (lipid mediators generated in the brain and peripheral tissues, which elicit a broad range of biological effects similar to those of marijuana), and the enzymes and membrane transporter(s) involved in the biosynthesis/degradation and cellular uptake/release of these lipid mediators. 1 The dysregulation of the endocannabinoid system has recently been implicated in numerous human diseases, and its pharmacological modulation is a very promising strategy to treat various inflammatory, neurodegenerative, cardiovascular, metabolic disorders, ischemia/reperfusion damage, as well as cancer and pain. 1,2 CB 2 receptors are predominantly expressed in immune and hematopoietic cells, but to a lesser extent also in the myocardium, and in coronary endothelial and smooth muscle cells. 1, 3 Activation of CB 2 receptors mediates various antiinflammatory and immunosuppressive effects, 1 and has recently been shown to attenuate atherosclerosis progression in an apolipoprotein E knockout mouse model of the disease, presumably by reducing the proliferative capacity and interferon (INF)-␥ production of lymphoid cells, and inhibiting macrophage chemotaxis and migration. 4 CB 2 receptors activation also attenuates the tumor necrosis factor (TNF)-␣or bacterial endotoxin (lipopolysaccharide [LPS])-induced vascular inflammatory response, and inflammation associated with ischemic reperfusion injury. 3, 5 The CB 1 receptor is widely distributed in the central nervous system and at lower levels in various peripheral tissues (eg, myocardium, adipose tissue, liver, etc), and it has been shown to play an important role in regulating body weight, energy balance, as well as glucose and lipid/fat metabolism. 1,2 Tonic activation of CB 1 receptors by endocannabinoids may also contribute to cardiovascular risk factors in patients with obesity/metabolic syndrome and diabetes, such as plasma lipid alterations, abdominal obesity, hepatic steatosis, and insulin and leptin resistance, 6 -11 through mechanisms that have not yet been fully explored. 3 Endocannabinoids acting via CB 1 receptors have also been implicated in the hypotension and decreased cardiac contractility associated with various forms of shock and heart failure, whereas its tonic activation in hypertension may be a homeostatic mechanism counteracting the increase in arterial pressure. 3
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Clinical trials with rimonabant (the first CB 1 antagonist/ inverse agonist) approved in numerous European and other countries, for the treatment of obesity and associated cardio-metabolic disorders) involving obese individuals with the metabolic syndrome or type 2 diabetes, suggest multiple beneficial effects of chronic CB 1 blockade on plasma triglyceride, HDL cholesterol levels, glucose tolerance, and markers of inflammation (eg, C reactive protein), in addition to the reduction of body weight and waist circumference. 6 -9,11,12 The effects of rimonabant on these secondary end points could only partly be explained by weight loss, suggesting that rimonabant has additional metabolic or protective effects leading to a further decrease in cardiometabolic risk factors. Although, the results of the recent STRADIVARIUS trial demonstrating only modest improvements in the normalized total atheroma volume but no difference in the percent atheroma volume in patient with coronary artery disease treated with rimonabant somewhat disappointing, 13 the hopes for rimonabant ultimately may be realized if the drug is shown to have a favorable effect on mortality and cardiovascular events, which remains to be seen in ongoing/future clinical trials.
Future trials should also address the safety concerns related to the increased incidence of psychiatric side effects of rimonabant (this was partially addressed by STRADIVARIUS 13 In this issue of Arteriosclerosis, Thrombosis, and Vascular Biology, Dol-Gleizes et al 14 present interesting results of a study of the effects of rimonabant on atherosclerosis progres-sion using LDLR Ϫ/Ϫ mice fed a Western-type diet for 3 months. They found that rimonabant (50 mg/kg/d in the diet p.o.) significantly reduced food intake, weight gain, serum total cholesterol, and almost completely abolished the atherosclerotic lesion development in the aorta and aortic sinus of LDLR Ϫ/Ϫ mice fed a Western-type diet for 3 months. Rimonabant also reduced plasma levels of the proinflammatory cytokines/chemokines such as monocyte chemotactic protein-1 (MCP-1), IL-12, and vascular cell adhesion molecule-1, 14 all implicated in the development/progression of atherosclerosis. Importantly, pair-fed animals had reduced weight gain, but developed atherosclerotic lesions which were as large as those of untreated animals, demonstrating that the surprisingly strong antiatherosclerotic effect of rimonabant was not related to inhibition of food intake. 14 This effect could be explained by either the increase of HDL/LDL cholesterol ratio or the decrease in inflammation, or both. However, when rimonabant was administered at a lower dose (30 mg/kg/d), which surprisingly did not affect serum total cholesterol levels, it was still able to attenuate the atherosclerosis development, implicating an antiinflammatory effect of the compound. To further clarify the mechanism of action of rimonabant, the authors determined the effect of rimonabant on inflammatory gene expression in macrophages, the major cell types involved in atherosclerosis lesion progression. 15, 16 They found that rimonabant decreased bacterial endotoxin (LPS)-and IL-1␤-induced proinflammatory gene expression in mouse peritoneal macrophages in vitro as well as thioglycollate-induced recruitment of macrophages in vivo. Interestingly, the antiinflammatory effects of the compound on proinflammatory gene expression were also preserved in CB 1 knockout mouse macrophages stimulated with LPS, indicating that these antiinflammatory effects are not related to the CB 1 blockade. 14 Indeed, rimonabant appears to exert potent antiinflammatory and cytoprotective effects in multiple preclinical disease models. [17] [18] [19] [20] For example, chronic rimonabant treatment increases the reduced plasma level of the antiinflammatory hormone adiponectin, reduces the elevated plasma/serum levels of TNF-␣, 17 reduces RANTES (REGULATED ON ACTIVATION, NORMAL T cell Expressed, and Secreted) and MCP-1 19 in obese Zucker fa/fa rats, and decreases NF-kappaB activation and consequent iNOS expression in mitogen-stimulated human peripheral blood mononuclear cells. 18 In the context of atherosclerosis, the above mentioned effect of rimonabant on plasma TNF-␣, serum MCP-1, NF-kappaB activation in stimulated human peripheral blood mononuclear cells, and on LPS-stimulated macrophage inflammatory responses, are particularly important, because proinflammatory cytokines such as TNF-␣ and bacterial endotoxin(s) are crucial mediators in the development of atherosclerosis. 15, 16 They promote NF-B-dependent upregulation of chemokines (eg, MCP-1) and adhesion molecules (eg, intercellular adhesion molecule-1, vascular cell adhesion molecule-1) in endothelial cells, resulting in recruitment and increased adhesion of monocytes to the activated endothelium followed by transendothelial migration and activation. 15, 16 Monocytes in concert with the activated endothelium also release a variety of factors that promote smooth muscle cell proliferation and migration from the media into the intima and consequent synthesis and deposition of extracellular matrix. 15, 16 Collectively, considering the beneficial effect of rimonabant on serum lipid parameters observed both in obese patients and in animal models, the decreased atherosclerotic lesion development by higher dose of rimonabant is not surprising. However, the demonstration that rimonabant even at a lower dose, which is not affecting serum total cholesterol levels, is able to reduce atherosclerosis development (presumably by exerting antiinflammatory effects not exclusively mediated by the CB 1 blockade) is the most important message of this study, which also has far reaching clinical implications. Given the increasing recognition of the importance of the complex interplay of the lipid signaling and vascular inflammatory processes associated with atherosclerosis, 16, 21 Figure. Selected beneficial effects of CB 1 receptor antagonist rimonabant observed in preclinical/clinical studies with potential relevance to atherosclerosis and cardiovascular diseases/ risk. Please note that some of the antiinflammatory and possibly other effects may not exclusively be mediated by the CB 1 blockade.
the dual beneficial effects of rimonabant on serum lipid parameters and inflammatory processes, and the ability to attenuate the platelet-derived growth factor-induced human coronary artery smooth muscle cell proliferation and migration, 22 are particularly encouraging from the clinical point of view (even if some of these effects may not exclusively be mediated by the CB 1 blockade), forecasting possible benefits in a range of cardiovascular disorders associated with chronic inflammation in patients. It would be very interesting to see in ongoing/future long-term clinical trials with rimonabant whether the favorable effects observed in preclinical models and in the above mentioned clinical reports can actually be translated into decreased mortality and cardiovascular events in patients. It would also be very interesting to see how the efficacy and safety of additional CB 1 antagonists entering the clinical arena, and perhaps future peripherally active CB 1 antagonists aiming to limit the CNS side effects, compares with that of rimonabant. The beneficial effects of rimonabant observed in preclinical/clinical studies with potential relevance to atherosclerosis and cardiovascular diseases/risk are summarized in the Figure. 
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